Background: Pediatric anaphylaxis is commonly misdiagnosed in the Emergency Department (ED). We aimed to determine the impact of inaccurate diagnosis on the management and follow-up of pediatric anaphylaxis presenting to the ED. Methods: Retrospective chart review of ED management of children aged 0-18 years with allergic presentations to three EDs in Melbourne, Australia in 2014. Cases were included if an ED diagnosis of anaphylaxis was recorded, or the presentation met international consensus criteria for anaphylaxis. Results: Of the 60,143 pediatric ED presentations during the study period, 1551 allergy-related presentations were identified and reviewed. 187 met consensus criteria for anaphylaxis, and another 24 were diagnosed with anaphylaxis without meeting criteria. Of the 211 presentations, 105 cases were given an ED diagnosis of anaphylaxis and 106 cases were given an alternative diagnosis in ED. Those diagnosed with anaphylaxis were more likely to receive epinephrine [85.7% vs 31.1% (OR = 13.27, 95% CI: 6. 09-26.3)], to be observed for the recommended four hours [56.2% vs 29.2% (OR = 3.10, 95% CI 1.76-5.48, p < 0.001)], to have an epinephrine autoinjector available on discharge [81.9% vs 35.8% (OR = 4.12, 95% CI 2.07-8.22, p < 0.001)] and to be referred to an allergist [35.2% vs 16.0% (OR = 2.85, 95% CI 1.48-5.49, p < 0.01)]. Provision of anaphylaxis action plans and allergen avoidance advice was poorly documented for all patients. Conclusion: Accurate diagnosis of anaphylaxis in ED has a significant impact on observation times, prescription of epinephrine autoinjectors and referral to an allergist. These factors are key to reducing mortality and the significant morbidity that results from childhood anaphylaxis.
Background
Anaphylaxis is a life threatening allergic reaction that occurs unexpectedly, often in young and otherwise healthy people. Anaphylaxis admission rates in Australia increased by 1.5 fold between 2005-2006 and 2011-2012 , with the greatest acceleration in those aged 5 to 14 years [1] .
While internationally accepted clinical criteria for anaphylaxis were established in 2005 [2] , these criteria appear to be underused. International studies report that between 57-87% of patients meeting these criteria are given an alternative diagnosis [3] [4] [5] [6] .
Key management steps for anaphylaxis include early use of intramuscular epinephrine, a period of observation for potential biphasic reactions, prescription of an epinephrine autoinjector, and follow up with an allergist [2, 7, 8] . Despite this previous Australian [9] [10] [11] and international [3, 12, 13] studies have demonstrated that both immediate and long-term management of pediatric anaphylaxis appears suboptimal.
We have previously examined a cohort of children presenting to an Emergency Department (ED) with possible allergic disease and identified those meeting international consensus criteria for anaphylaxis. Approximately half of the children meeting these criteria did not receive a diagnosis of anaphylaxis during their ED presentation [14] . Multiple logistic regression identified the following factors associated with an ED diagnosis of anaphylaxis: previous anaphylaxis, arrival by ambulance, high-acuity triage category and presentation to a tertiary hospital. Resolution of symptoms and signs of at least one organ system prior to arrival was associated with reduced odds of an ED diagnosis of anaphylaxis (see Additional file 1: Table S1 ).
This paper aims to describe the impact of inaccurate ED diagnosis on both immediate and long-term management of pediatric anaphylaxis in the same cohort.
Methods
A retrospective structured chart review was conducted of pediatric patients who presented to three hospitals in south east Melbourne, Australia with allergic symptoms in 2014. Our hospital network consists of a pediatric tertiary center with a dedicated pediatric ED, and two secondary hospitals with mixed adult / pediatric EDs.
Ethics approval was obtained from the Monash Health and Monash University Human Research Ethics Committees.
Patient selection
An initial database was established from our institution's ED electronic medical record (Symphony, version 2.29.3. Ascribe Ltd. Bolton, United Kingdom). Patients were included if there were under the age of 18 and had a recorded presenting complaint or final ED diagnosis that was compatible with anaphylaxis or an allergic reaction. Screened presentations included those with a specific triage presenting complaints included "allergic reaction" and "anaphylaxis" or ED diagnostic codes including "allergy", "anaphylaxis", "urticara", "angioedema", "food allergy", "rash due to food", "drug reaction", "hay fever", and "rash due to drug". If a child had repeated visits, each was included as a separate presentation.
Patients were excluded if they left ED before treatment was completed, if they were transferred for observation from another hospital or clinical notes were missing.
Classification of anaphylaxis
Anaphylaxis was defined using criteria from the 2005 -Second Symposium on the definition and management of anaphylaxis (Table 1) [2] . We defined hypoxemia as an oxygen saturation of less than 90% regardless of age or oxygen therapy.
Severity of anaphylaxis was graded using a scale proposed by Brown which defines a severe reaction as including hypoxia, hypotension or neurological compromise [15] .
Data extraction and processing
A standard data extraction form was developed in consultation with emergency physicians and allergists within our institution, and was tested and modified prior to implementation in the study. The primary investigator who conducted the screening and data collection was not blinded to the study objective. Periodic meetings were held with the supervising emergency physician to discuss and gain consensus on any points of ambiguity.
The primary data sources were the ED medical record, including medical and nursing notes, medication and intravenous fluid charts, and observation charts. Additional information regarding pre-hospital care and clinical features was obtained from ambulance records.
Variables assessed
Variables to be assessed were based on previous studies of anaphylaxis [3, 9, 10, 13, [16] [17] [18] [19] [20] [21] . These variables included age, sex, Australasian Triage Scale category, history of anaphylaxis and atopic diseases, details of anaphylactic events (allergen, exposure timing, location), vital signs, and clinical manifestations (including involvement of cutaneous, respiratory, gastrointestinal or cardiovascular systems). If more than one possible food trigger could be identified from the history, the eliciting agent was recorded as "mixed." As "persistent gastrointestinal symptoms" are not explicitly defined in the diagnostic criteria used, we applied a threshold of 30 min. Details on ED management included medication administration, discharge prescriptions, outpatient referrals and documented discharge advice. 
Data analysis
Data entry and analysis were performed using SPSS Statistics (SPSS Statistics for Macintosh, Version 22.0; IBM Corp. Armonk, NY). Data queries were addressed by at least two investigators reviewing the original record. Descriptive statistics were reported as percentages for discrete variables. Continuous data was described as median with interquartile ranges (IQR). Differences between nonparametric continuous variables were determined using the Mann-Whitney U test. Differences between groups for categorical variables were determined using Fisher's exact test for two by two tables and chi square test for larger contingency tables. P values < 0.05 were considered statistically significant.
Results
During the study period there were 60,143 pediatric ED presentations across the three hospitals. 1551 clinical records were identified and reviewed ( Fig. 1 ). Of these, 211 ED presentations were either diagnosed as anaphylaxis on ED discharge (105 patients, of whom 81 fulfilled anaphylaxis criteria and 24 did not), or met criteria for anaphylaxis but received an alternative diagnosis on ED discharge. Demographic and clinical features of these presentations are presented in Table 2 .
Biphasic reactions
There were seven biphasic reactions identified (3.3%). Three were diagnosed with anaphylaxis, three with food allergy and one with allergy. The second phase was anaphylactic in six of the reactions, while one of the reactions involved only respiratory features. The median time to biphasic reactions from resolution of initial symptoms was 115 min (IQR 68.5-144.5). In the initial reactions, three patients required epinephrine and three patients received steroids. Five of the second phase reactions required epinephrine.
Management
Overall, epinephrine was administered during 123 presentations. Of these, 51 patients used an epinephrine autoinjector. Twenty patients had an autoinjector but did not use it. Twenty-two received epinephrine from ambulance paramedics, and the remainder received epinephrine in the ED. Most patients required a single dose of epinephrine, however, 16 received two doses, 3 three doses, and two patients received epinephrine infusions both after receiving two intramuscular doses of epinephrine.
Overall 81.5% of patients received an H1 antihistamine and 55.5% of patients received a steroid during their care. 58.3% received epinephrine at some point during their episode of anaphylaxis. Patients who were correctly diagnosed with anaphylaxis were more likely to receive epinephrine throughout their care and to receive multiple doses of epinephrine (Table 3) .
Eighty-eight patients meeting diagnostic criteria for anaphylaxis did not receive epinephrine. Seventy three (83%) were not diagnosed as anaphylaxis by ED staff. Resolution of symptoms had occurred prior to ED arrival in 73 (83%) of these. A minority were administered other treatment, including inhaled beta-agonists (4 patients), nebulized epinephrine (1 patient) and oral corticosteroids (1 patient).
Observation and discharge
Patients diagnosed with anaphylaxis were far more likely to be observed in ED for more than four hours. In those given epinephrine, those given a diagnosis of anaphylaxis were far more likely to be observed for four hours after their epinephrine dose. Patients diagnosed with anaphylaxis were more likely to be admitted to short stay or ICU than patients given an alternative diagnosis. Those not diagnosed with anaphylaxis were more likely to be directly discharged home (Table 4) .
Discharge advice
There was no significant difference in the discharge advice given to both groups. Overall 28% of patients received an anaphylaxis action plan while 2.4% already had a plan in place. 21% of patients were give allergen avoidance advice (Table 4) . Patients who were correctly diagnosed with anaphylaxis were far more likely to be prescribed an epinephrine autoinjector or to already have one (Table 4) . Of the 109 patients given an autoinjector prescription, 62 (57%) had documentation of education on how to use the device. Diagnosis did not impact on autoinjector education.
Patients who were correctly diagnosed with anaphylaxis were more likely to be referred to see an allergist compared to those who received an alternative diagnosis (Table 4) .
Discussion
To our knowledge, this is the largest cohort of pediatric anaphylaxis patients identified in Australia and one of the largest internationally within a one-year period. It is notable that a number of children meeting clinical criteria for anaphylaxis had resolution of at least some of their symptoms prior to ED arrival.
In our cohort 58.3% of anaphylaxis patients received epinephrine during their care. This is consistent with previously reported rates of 19-94% [3, 6, 9, 10, 18, 22] . In our cohort ED diagnosis had a significant impact on epinephrine administration. 85.7% of patients diagnosed correctly with anaphylaxis received epinephrine compared to 31.1% of patients given an alternative diagnosis. This is surprising, as if a reaction was considered severe enough to require epinephrine it would follow that it would be diagnosed as anaphylaxis. The majority of patients who did not receive epinephrine had resolution of symptoms by the time they arrived to the ED. In contrast De Silva et al. reported that in the 24% of patients who did not receive epinephrine in their study, the vast majority had indications for epinephrine (n = 22/29, 76%), while six had resolution of symptoms (21%) and one parent refused [9] . However, the authors did not mention the specific indications for epinephrine. It remains unclear if all patients require epinephrine, particularly if symptoms are resolving rapidly.
Of the 106 patients who arrived by ambulance only 21% received epinephrine from paramedics. Paramedic epinephrine administration is safe [23] . Ambulance Victoria guidelines emphasise a low threshold for administering epinephrine to all anaphylaxis cases [24] . Despite this a UK study of 816 anaphylaxis ambulance cases found that only 14% received epinephrine [25] . It may be that patients did not meet the criteria for anaphylaxis until they arrived to the emergency department or that paramedics opted to transport the patient and for the decision for epinephrine to be made by the ED clinician. Similarly, 20 of the 71 patients who had an autoinjector available did not use it. This rate of 28% of patients not using their autoinjector was significantly lower than the 71% reported in 86 Australian children with recurrent anaphylaxis [26] . In order to ensure the early administration of epinephrine pre hospital providers, patients and their carers must be educated in its indications.
While delays in epinephrine administration result in increased hospitalization and fatalities [27] , anaphylactic reactions can naturally resolve without epinephrine [7] . There are no guidelines recommending that anaphylaxis patients who are no longer symptomatic should receive epinephrine. It may be reasonable to withhold epinephrine in asymptomatic patients as long as they are appropriately observed and followed up due to the risks of biphasic and recurrent reactions. Not all patients known to an allergist were referred to see them or recommended to see the again
In our cohort many cases of anaphylaxis were treated with less effective medications. 78 (37.0%) patients received pharmacological treatment without epinephrine administration. This included 44 (20.8%) patients receiving steroids and 75(35.5%) patients receiving an antihistamine without also being given epinephrine. Overall 55.5% of patients received steroids and 81.5% of patients received an H1 antihistamine at some point in their care. These results are similar to those found in the Australian literature with steroid rates reported between 44-77% an antihistamine use reported as between 44-88% in pediatric anaphylaxis [9] [10] [11] 22] . Australian guidelines acknowledge that while steroid use is common, their benefits in anaphylaxis is unproven and that antihistamines have no role in acute management of anaphylaxis [8] .
There were seven biphasic reactions recorded in our study, making up 3% of all reactions. This is at the low end of the 3-14.7% [6, 16, 18, [28] [29] [30] [31] reported in the literature. The biphasic reactions identified in our cohort were clinically significant as five required epinephrine while one patient was admitted to ICU.
Biphasic reactions can occur between 1 to 72 h after the resolution of initial symptoms [32] . In our cohort the median time to biphasic reactions was 1.92 h (IQR 1.14-2.41). There was one outlier with a reaction occurring after 10.2 h. The median time in our small cohort is significantly less than the 4.7 h [16] (IQR 3.3-7) reported by Mehr et al. and 8.8 h [29] (range 3-20.5) reported by Alqurashi et al., although these studies included follow-up of patients after hospital discharge.
Australian guidelines recommend four hours of observation after the last dose of epinephrine [8] . In our cohort of the 31 children given epinephrine in ED and diagnosed with anaphylaxis, 90.3% were observed for four hours after their last epinephrine dose. Conversely, only 6 of the 17 (35.3%) who received epinephrine with an alternative diagnosis were observed for more than four hours. The reasons for shorter observation times after epinephrine administration in these patients is unclear.
Overall only 42.7% of patients were observed for more than four hours in ED. This is less than the 64% reported by Murad et al. in an Australian ED [11] . Being correctly diagnosed with anaphylaxis significantly increased the chance a child was observed for more than four hours (56.2% vs 29.2%, p < 0.001). International recommendations for observation vary from 4 to 24 h, while some suggest admitting any patient with anaphylaxis [2, 7, 33] . Previous studies have reported that only 2-6% of children with biphasic reactions require intervention [28, 29] . However being in a setting that can provide immediate care is potentially lifesaving.
As it is difficult to predict which children with experience biphasic reactions, guidelines continue to recommend at least four hours of observation, and a low threshold for admission. Patients and their parents must also receive appropriate education, action plans and an epinephrine autoinjector before leaving hospital to reduce the frequency and severity of future reactions [7] .
In our cohort only 28% of patients were documented to receive a written anaphylaxis action plan, while 2.4% already had one. Only 21.3% had documentation of being given allergen avoidance advice. This is similar to the 35% reported by Rudders et al. [4] Correct anaphylaxis diagnosis did not impact on the advice given. The importance of such advice is highlighted by the fact that 26.1% of anaphylaxis patients in our cohort had a known allergy to the causative agent. This is consistent with previously reported rates of 14-50% [4, 10, 13, 19, 31] .
In our cohort 51.7% of overall anaphylaxis presentations were prescribed an epinephrine autoinjector, while 7.1% already had one available. This is similar to the previous reported rates of 17.5-63.0% [3, 4, 6, 10, 13, 19, 22, 31] . Correct anaphylaxis diagnosis had a profound impact on autoinjector prescription. 81.9% of those diagnosed correctly as anaphylaxis went home with an autoinjector compared to 35.8% of those given an alternative diagnosis. Of the 109 patients give an autoinjector prescription in our cohort, 47 (41.1%) received no documented education on how to use the device. This was not influenced by correct anaphylaxis diagnosis.
One proposed method to improve anaphylaxis diagnosis and management is the introduction of departmental protocols. In two separate Spanish and American centres there were significant improvements in epinephrine administration, observation, admission rates, allergist referral, and discharge instructions following the introduction of an anaphylaxis protocol [20, 34] . The US study also saw an increase in anaphylaxis cases diagnosed after the implementation of the protocol. This was suggested to be due to increased awareness [34] .
The key to long-term care is referral to an allergist as they can verify triggers, provide education and offer immunotherapy [7] . Despite this, previous studies have reported referral rates between 24 and 71% [4, 6, 10-13, 19, 22] . In our cohort only 25.6% of overall anaphylaxis patients were referred to an allergist. 70.5% of patients correctly diagnosed with anaphylaxis were known to an allergist, referred or recommended to see one compared to 49.1% of those given an alternative diagnosis. Our health service does not have a public pediatric allergy service; the only such service is situated in the state's only other tertiary pediatric hospital. However, there are also a number of private pediatric allergists in Melbourne. The low rate of documented allergist referrals may be due to patients being advised to seek a referral through their general practitioner, although it was unclear whether this was the case.
Anaphylaxis remains a difficult clinical diagnosis based on pattern recognition. Sargant et al. proposed that anaphylaxis can masquerade as severe asthma [35] , in our cohort only three patients identified as meeting anaphylaxis criteria were diagnosed with asthma. Cutaneous features are absent in up to 20% of presentations [10] or may be masked by antihistamines [36] . Similarly the lack of previous reactions and allergies cannot be relied upon to rule out anaphylaxis. We have previously published that in our cohort only 31% of patients presenting with anaphylaxis had a previous anaphylactic reaction. While this is more that the 17% reported by De Silva et al. [9] , this highlights that the vast majority of paediatric anaphylactic presentations are first presentations.
The primary limitation of this study is the retrospective design and reliance on complete documentation in the clinical records. Additionally, we do not have a pediatric allergy service in our hospital network, so we were unable to obtain the opinion of a specialist pediatric allergist on each medical record. However, in keeping with recommended practice for chart review studies [37] , our data points were clearly defined, and a standardized data extraction form was used to improve accuracy and consistency of data collection. We applied diagnostic criteria from established guidelines on the diagnosis of anaphylaxis to each patient's data, ensuring uniform interpretation of recorded clinical features.
Conclusion
In summary, in our cohort of over 200 cases, pediatric anaphylaxis appears to be under diagnosed. This is associated with shorter observation times, less autoinjector prescriptions and less allergist referrals. Patients also rarely receive anaphylaxis action plans or allergen avoidance advice. This places children at significant unnecessary risk of both biphasic and recurrent reactions.
As EDs are the treatment setting for most anaphylaxis visits this represents an important opportunity to improve patient care.
Additional file
Additional file 1: Predictors of emergency department diagnosis of pediatric anaphylaxis (after multiple logistic regression). This Table  outlines 
